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Abstract
Here we propose models with SU(2)L⊗SU(2)R⊗U(1)B−L electroweak gauge symmetry in which
parity (or charge conjugation) is broken explicitly and the interactions of the left- and right-handed
fermions are completely different from each other at any energy scale. In these sort of models there
is no restoration of parity at high energies. However, as in all left-right symmetric models, the
electroweak interactions of quarks and leptons appear to be only left-handed at low energies,
because the right-handed interactions are suppressed by the mass of the respective charged and
neutral vector bosons and/or because these interactions may be much weaker than the left-handed
ones.
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I. INTRODUCTION
The basic assumptions of the left-right symmetric models is that the electroweak gauge
symmetry GLR ≡ SU(2)L ⊗ SU(2)R ⊗ U(1)B−L ⊗ P(C), where the lagrangian is invariant
also under a generalized parity P [1–8] (or/and a generalized charge conjugation C [9]) and,
at high energies these generalized parities are restored. As a consequence, right-handed
currents and right-handed neutrinos must exist in nature but the former must be suppressed
and neutrinos are massive particles. In early works on left-right symmetric models, the parity
was broken softly [3], but it can be doing also spontaneously [4]. This sort of models are
well motivated since the parity (and charge conjugation) violation is accommodated but not
explained in the context of the standard model (SM).
However, another possibility which we will explore here, is that no generalized parity
symmetry exist at all: the parity (or charge conjugation) as in the SM is explicitly broken at
any energy. This case is less elegant than the case when the breakdown of these symmetries
is spontaneous, but it cannot be excluded, at least from the phenomenological point of view.
We recall that the only known source of CP violation is the phase in the CKM matrix
i.e., it is a hard symmetry breaking and it has not been observed until now a spontaneous
breakdown of a discrete symmetry.
Hence, we will implement the above idea in a model with SU(2)L ⊗ SU(2)R ⊗ U(1)B−L
gauge symmetry but without introducing the parity or charge conjugation symmetry from
the beginning. The parity is broken explicitly and the left-handed weak interactions have no
relation with the right-handed ones. Of course, the SU(2)R symmetry involves heavy vector
bosons in order to be compatible with low energy phenomenology but at high energies there
is no parity restoration at all.
Independently of the way in which parity is broken, right-handed neutrinos do exist
and left-handed neutrinos must be massive particles. Moreover, neutrinos may be Dirac or
Majorana particles depending on the scalar representation of the model to be considered.
For instance, if the active neutrinos were Majorana fermions, and right-handed neutrinos
were heavy, complex scalar triplets would have to be added and the type-I seesaw mechanism
would be implemented [10] or, if neutrinos were Dirac fermions [5] only scalar bi-doublets
(besides a doublet of SU(2)R) would have to be considered and there would be no heavy right-
handed neutrinos since they are related with the active ones in the Dirac field ν = νL + νR
2
and the mass term is mDν¯ν; and in this case the smallness of the neutrino masses need a
fine tuning unless three bi-doublets are introduced [11].
As we will assume explicit parity violation from the very begining: gL 6= gR, the left- and
right- mixing matrices are different from each other, and also the scalar particles content
is not constrained since to each right-handed scalar multiplet does have necessarily a left-
handed partner. Only fermions do exist in left- and right-handed doublets but this is not
imposed in the scalar sector: We introduce only scalar doublets or triplets under SU(2)R
without the respective multiplets under SU(2)L. Although from the point of view of the
parity violation, this model is not better than the standard model, however it places in the
same foot the left- and right-handed components of the known fermions, predicting also new
weak interactions.
The outline of this paper is as follows. In Sec. II we write the particle spectrum of the
model while in Sec. III we analyze the gauge boson sector considering one bi-doublet and
one SU(2)R doublet. The fermion-vector boson interactions are considered in Sec. IV and in
Sec. V we consider the lepton mass generation and the Yukawa interactions. We introduce a
right-handed scalar doublet χR ∼ (1L,2R,+1), a scalar bi-doublet and in this case neutrinos
are Dirac particles. The introduction of a scalar triplet, like ∆R ∼ (1L,3R, 2), may be
considered but it is not relevant for the main purpose of this paper. Phenomenological
consequences and our conclusions are discussed in Secs. VI and VII, respectively.
II. THE MODEL
The electroweak gauge symmetries of the model are SU(2)L ⊗ SU(2)R ⊗ U(1)B−L and
gL 6= gR at any energy scale. Hence this model has three gauge couplings gL, gR and gBL for
each factor. The electric charge operator is defined [8] as usual Q/e = T3L+T3R+(B−L)/2.
We omit the SU(3)C factor because is similar as in the standard model (SM). The fermion
sector consits of: leptons transforming as L′l = (ν
′
l l
′)TL ∼ (2L,1R,−1) and R′l = (ν ′l l′)TR ∼
(1L,2R,−1), with l = e, µ, τ and the primed states denote symmetry eigenstates. Similarly,
for quarks with (B − L) = 1/3.
The scalar sector consists in one or more bi-doublets transforming as (2L,2
∗
R, 0):
Φ =
 φ0 η+
φ− η0
 (1)
3
to generate the fermion masses, one doublet χR ∼ (1L,2R,+1) if we want heavy right-handed
neutrinos and one triplet ∆R ∼ (1L,3R,+2) to implement the type I seesaw mechanism.
Here we consider, for simplicity, the case of one bi-doublet, Φ, and one right-handed doublet
χR = (χ
+
R χ
0
R)
T to break the gauge symmetry into the SM group since they are enough
to show the main features of this sort of model. A doublet χL ∼ (2L,1R,+1) or a triplet
∆L ∼ (3L,1R,+2) could be added and could be inert scalars.
We write the vacuum expectation values (VEVs) as 〈Φ〉 = Diag(keiδ k′)/√2 and 〈χR〉 =
(0 vR)
T/
√
2 since one of the phases in Φ and the phase in χR can always be eliminated by
unitary unimodular transformations. Complex VEVs implies spontaneous CP violation [5,
12].
III. GAUGE BOSONS MASS EIGENSTATES
The covariant derivative for the bi-doublet Φ and the doublet χR are given by:
DµΦ = ∂µΦ + i
[
gL
~τ
2
· ~WL Φ− gRΦ ~τ
2
· ~WR
]
, (a)
DµχR =
(
∂µ + igR
~τ
2
· ~WR − igBLBµ
)
χR, (b) (2)
where gL 6= gR.
The charged bosons mass matrix in the basis (W+L W
+
R ) have the form:
MCB = g
2
Lv
2
R
4
 x −2zeiα
−2ze−iα 1 + x
 , (3)
where K2 = k2 +k′2, K¯2 = |k||k′|, and x = K2/v2R, z = K¯2/v2R. Hereafter we consider α = 0
i.e., the VEVs are reals. The masses of the charged gauge bosons are given by:
M2W1 =
g2Lv
2
R
8
(
(1 + 2)x+ 2 −
√
∆
)
, M2W2 =
g2Lv
2
R
8
(
(1 + 2)x+ 2 +
√
∆
)
, (4)
where
∆ = 4 2x2 +
[
2 + (2 − 1)x]2 ,  = gR/gL, x = K2/v2R. (5)
The masses eigenstates in terms of the symmetry eigenstates are the following:
W+Lµ = cξW
+
1µ − sξW+2µ, W+Rµ = e−iω(sξW+1µ + cξW+2µ), eiα = ±eiω (6)
4
where
sξ =
4 gLgR K¯
2√
16g2Lg
2
RK¯
4 + Y 2
, cξ =
Y√
16g2Lg
2
RK¯
4 + Y 2
, (7)
and
Y = K2(g2R − g2L) + g2Rv2R +
√
∆′, and ∆′ = 16g2Lg
2
RK¯
4 + [g2Rv
2
R +K
2(g2R − g2L)]2,
Assuming v2R  |k|2, |k′|2:
M2W1 ≈
g2L
4
K2, M2W2 ≈
g2R
4
v2R, (8)
and
ξ ≈ ±1

K¯2
v2R
. (9)
We note that M2W2 M2W1 . In this limit we will obtain WL ≈ W1 and WR ≈ W2.
For the neutral vector bosons, the mass matrix in the basis (W3L,W3R, B) is:
M2NB =
g2Lv
2
R
4

x −x 0
−x 2(1 + x) − δL
0 − δL δ2L
 , (10)
which has the following eigenvalues:
M2A = 0,
M2Z1 =
g2Lv
2
R
8
[
(1 + 2)x+ δ2L + 
2 −
√
∆N
]
,
M2Z2 =
g2Lv
2
R
8
[
(1 + 2)x+ δ2L + 
2 +
√
∆N
]
, (11)
Where:
δL =
gBL
gL
, δR =
gBL
gR
∆N =
(
1 + 2
)2
x2 + 2[2(2 − 1)− δ2L(2 + 1)]x+ (δ2L + 2)2, (12)
with  in Eq. (5).
Again, making v2R  |k|2, |k′|2:
M2Z1 ≈
g2LK
2
4
(
2 + (1 + 2)δ2L
2 + δ2L
)
, M2Z2 ≈
g2Lv
2
R
4
(2 + δ2L). (13)
Notice that M2Z2 M2Z1 and MZ2 > MW2 .
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After diagonalizing the neutral mass matrix by an orthogonal matrix, OTM2NBO = Mˆ =
(0,M2Z1 ,M
2
Z2
), we obtain the following symmetry eigenstates as a function of masses eigen-
states: 
WL3µ
WR3µ
Bµ
 =

1
N1
1
N2
1
N3
1
N1
− a1
N2
− a2
N2
1
N1δL
− b1
N2
− b2
N3


Aµ
Zµ1
Zµ2
 , (14)
where:
2a1 = − 1

− (δLδR + ) v
2
R
K2
−
√
∆N
K4
, b1 = δL
[
1 +
1
2
− (δ2R − 1)
v2R
K2
+
√
∆N
K4
]
,
2a2 = − 1

+ (δLδR + )
v2R
K2
+
√
∆N
K4
, b2 = δL
[
1 +
1
2
− (δ2R − 1)
v2R
K2
−
√
∆N
K4
]
,
N1 =
√
1 + −2 + δ−2L , N2 =
√
1 + a21 + b
2
1, N3 =
√
1 + a22 + b
2
2, (15)
δL(R) and ∆N are given in Eq. (12). The eigenstates are normalized and we stress that these
are exact results.
IV. LEPTON-VECTOR BOSON INTERACTIONS
When gL 6= gR the covariant derivatives in the lepton sector are
DLµ =
(
∂µ + i
gL
2
~τ · ~WLµ − igBL
2
Bµ
)
, DRµ =
(
∂µ + i
gR
2
~τ · ~WRµ − igBL
2
Bµ
)
, (16)
where DLµ and DRµ acts on left- and right-handed lepton doublets, similarly for quarks.
A. Charged interactions
In the quark sector we have
LqW = −
1
2
[
eiφqgLJ
qµ
L W
+
Lµ + gRJ
qµ
R W
+
Rµ
]
+H.c.
= −1
2
[
(eiφqcξgLJ
qµ
L + e
iωsξgRJ
qµ
R )W
+
1µ − (eiφsξgLJqµL − eiωcξgRJqµR )W+2µ
]
+H.c. (17)
where we have used Eq. (6). Recall that JqµL = u¯Lγ
µV LCKMdL and J
qµ
R = u¯Rγ
µV˜ RCKMdR with
V˜CKM = K
u∗V RCKMK
d, and V LCKM is the same as in the left-handed sector of the SM with 3
angles and one physical phase (the Ku, Kd diagonal matrices are shown later). We obtain,
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as usual V L,RCKM = V
†u
L,RV
d
L,R. Notice that, unlike the manifest parity invariant case (in which
the fermion mass matrices are Hermitian implying that V dL = V
d
R = V
d and V uL = V
u
R = V
u
with V LCKM = V
R
CKM = V
u†V d = VCKM), in the present work we have V LCKM 6= V RCKM . This
has important consequences in the number of CP violating physical phases.
In fact, the phases φq and K
u, Kd in Eqs. (17) cannot be absorbed in the fields and are
legitimate physical phases. It is well known that a n × n unitary matrix has n(n + 1)/2
phases. However, one is a global phase and 2n − 1 phases can be absorbed in 2n − 1 mass
eigenstates left-handed fields, say uL → KuuL and dL → KddL, in the quark sector, Ku =
Diag(eiau1 , eiau2 , · · · , eiaun ) and Kd = Diag(eiad1 , eiad2 , · · · , eiadn ). Similarly in the leptonic
sector are defined Kν and K l as well. This re-phasing is done in the mass eigenstate basis
and they are absorbed in the mass term and neutral currents (in the SM neutral currents,
coupled with Z and the Higgs h are diagonal) by the mass eigenstates right-handed fields to
keep the masses reals, i.e., uR → KuuR, dR → KddR. Then V → Ku∗V Kd = ei(adj−auk )Vkj.
Hence, the full set of phases is given by (n − 2)(n − 1)/2. However, this rephasing does
not work if there are flavour changing neutral currents or/and, as in the present case, there
are more charged currents. In fact, in the present case there are FCNC in the Higgs sector
(see Sec. V) and it is not possible anymore to absorbe the phases of the left-handed fields
in the right-handed ones. Furthermore, if we redefine the phases in the left-handed current,
in order to have these interactions as in the SM, the phases will appear in the right-handed
currents. Hence, in the latter interactions the V RCKM mixing matrix has n(n + 1)/2 phases
and also there is a phase difference between the left- and right-handed currents, φq.
Similarly in the lepton sector
LqW = −
1
2
[
eiφlgLν¯Lγ
µV LPMNSlLW
+
Lµ + gRν¯Rγ
µV˜ RPMNSlRW
+
Rµ
]
+H.c.
= −1
2
[
(eiφlcξgLJ
lµ
L + e
iωsξgRJ
lµ
R )W
+
1µ + (−eiφsξgLJ lµL + eiωcξgRJ lµR )W+2µ
]
+H.c.,
= −1
2
[
eiφlgL
(
cξW
+
1µ − sξW+2µ
)
J lµL + e
iω
(
sξgRW
+
1µ + cξgRW
+
2µ
)
J lµR
]
+H.c. (18)
where J lµL = ν¯Lγ
µV LPMNSlL and J
lµ
R = ν¯Rγ
µV˜ RCKM lR, with V˜
R
PMNS = K
ν∗V RPMNSK
l. The
physical phases in the lepton sector are, for the same reason as before, φl and K
ν and K l.
If neutrinos are Majorana, the matrix V LPMNS has, as usual, three phases but V
R
PMNS has
n(n+1)/2 phases, as the Dirac case. We note from Eqs. (17) and (18) that the right-handed
current that is coupled with W±1 ≈ W± is suppressed by both sξ and gR and those currents
coupled with W±2 are suppressed by gR and the mass of the W
±
2 ≈ W±R .
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B. Neutral interactions
The neutral interactions of a fermion i with the Z1µ and Z2µ neutral bosons are as follows:
LNC = − gL
2 cos θ
∑
i
ψ¯iγ
µ[(giV − giAγ5)Z1µ + (f iV − f iAγ5)Z2µ]ψi (19)
We define
giV =
1
2
(aiL + a
i
R), g
i
A =
1
2
(aiL − aiR),
f iV =
1
2
(AiL +AiR), f iA =
1
2
(AiL −AiR), (20)
where aiL and a
i
R (i: 1, 2 and 3) are couplings of the left- and right-handed components of
a fermion ψi. Similarly, we define the couplings AiL,R and the respective f iV,A.
Using Eq. (14) we obtain for leptons:
aνL =
1
N2
(1− δLb1), aνR =

N2
(a1 − δRb1),
alL = −
1
N2
(1 + δLb1), a
l
R = −

N2
(a1 + δRb1). (21)
or
gνV =
1
2N2
(1 +  a1 − 2b1), gνA =
1
2N2
(1−  a1),
glV = −
1
2N2
(1 +  a1 + 2b1), g
l
A = −
1
2N2
(1−  a1). (22)
For quarks
auL =
1
N2
(
1 +
1
6
δLb1
)
, auR =

N2
(
a1 +
1
6
δRb1
)
,
adL =
1
N2
(
−1 + 1
6
δLb1
)
, adR =

N2
(
−a1 + 1
6
δRb1
)
. (23)
or
guV =
1
2N2
(
1 +  a1 +
1
3
b1
)
, guA =
1
2N2
(1−  a1) ,
gdV = −
1
2N2
(
1 +  a1 − 1
3
b1
)
, gdA =
1
2N2
(−1 +  a1) . (24)
All these results are exact. If we expand up to O(1/v2R) we have for neutrinos
aνL ≈ 1 +
δ2R
(1 + δ2R)
2
x, aνR ≈
1
1 + δ2R
x,
gνV ≈
1
2
(
1 +
1 + 2δ2R
(1 + δ2R)
2
x
)
, gνA ≈
1
2
(
1− 1
(1 + δ2R)
2
x
)
, (25)
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and
a`L ≈
δ2L − δ2R − 1
δ2L + δ
2
R + 1
+
δ2R
(1 + δ2R)
2
x, a`R ≈
2 δ2L
δ2L + δ
2
R + 1
+
δ2R − 1
(1 + δ2R)
2
x,
g`V ≈
1
2
(
3δ2L − δ2R
δ2L + δ
2
R + 1
+
2δ2R − 1
(1 + δ2R)
2
x
)
, g`A ≈
1
2
(
−1 + 1
(1 + δ2R)
2
x
)
, (26)
for charged leptons.
Notice that when vR →∞(x→ 0) we obtain, independently of the value of δR,
gνV , g
ν
A →
1
2
, glV → −
1
2
+ 2s2θ, g
l
A → −1/2, (27)
where we have used δL = δR ≡ δ and the relation δ2 = s2θ/(1− 2s2θ) [11]. The same happens
with the coefficients of the quarks in that limit.
The f ’s in Eq. (19) are obtained by doing N2 → N3, a1 → a2 and b1 → b2 in Eqs. (21)–(24).
We do not write the g’s and f ’s of the quark sector.
C. Electromagnetic interactions
From the projection on the photon field in Eq. (14), using the covariant derivative in
Eq. (16) we obtain the electric charge of charged fermions:
QfL = QfR ≡ eQf =
gL
N1
, (28)
Ql = −1 for leptons and Qu = 2/3, Qd = −1/3 for quarks.
From (28) and N1 given in Eq. (15), we have
1
e2
=
1
g2L
+
1
g2R
+
1
g2BL
. (29)
Notice that gL, gBL may be related to SM g, gY coupling constants only at a given energy,
say µm:
g(µm) = gL(µm), and
1
g2Y (µm)
=
1
g2R(µm)
+
1
g2BL(µm)
. (30)
For energies µ 6= µm the couplings gL, gR must have different running and no longer equal to
each other even in the left-right symmetric model [13, 14]. However, in the present model
since gL 6= gR from the very start, hence we have one more free paramater to be determined
experimentally. See below.
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Notice that, using Eq. (28) in the interaction terms, equation (16), we obtain an exact
zero for the neutrino electric charge: QνL(R) ∝ gLgRgBL − gBLgRgL ≡ 0 which also implies
that Ql = −1 (in units of the positron charge)
Using the appropriate projection of W3L,W3R and B upon de photon field it is not
necessary to impose extra constraints over the matrix elements given in Eq. (14). If we
have used a general orthogonal matrix in order to have a zero neutrino electric charge it is
necessary to impose
δR
δL
=
gL
gR
=
s12c23 + c12s23s13
c12c13
, (31)
and for the charged lepton charge
 ≡ gR
gL
=
c12c13
s12c23 + c12s23s13
, (32)
Hence the conditions Qν = 0 and Ql = −1 are consistent with each other. Notice that
only when gL = gR we can write one of the angles in terms of the other two. It means that
Eq. (14) can be parametrized by two angles if the condition in Eq. (32) is satisfied for a
given value of the coupling constants gL, gR.
The fact that the fermion electric charge imposes constraints on an arbitrary orthogonal
matrix relating the symmetry eigenstates W3,WR, B with mass eigenstates A,Z1, Z2 was
noted in the context of left-right symmetric models in Ref. [15] and in secluded U(1) models
in Ref. [16].
In most of the left-right symmetrics models, the invariance under a generalized parity
symmetry implies gL = gR ≡ g which from Eq. (29) we would obtain
1
e2
=
2
g22
+
1
g2BL
. (33)
And electric charge of charged fermions given by
ef = Qf
ggBL√
g2 + 2g2BL
, (34)
Only in this case the matrix in Eq. (14) is parametrized by only one angle, θ. However, in
the present model gL 6= gR since the very start and the relation of the electric charge with
the coupling constants is shown in Eq. (29). Of course, at some energy say µm, we have to
match with the SM as in Eq. (30), but below and above both coupling constants may be
different. This eliminate the existence of a Landau pole when sin θ = 1/2 [11].
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V. YUKAWA INTERACTIONS
In this case, the Yukawa interaction in the quark and lepton sector is given by
−LY = L¯′l(GlΦ+FlΦ˜)R′l+R¯′l(G†Φ+F †Φ˜)L′L+Q¯′L(GqΦ+FqΦ˜)Q′R+Q¯′R(G†qΦ+F †q Φ˜)Q′L, (35)
where L′ and R′ are defined in Sec. II, Gl,q and Fl,q are arbitrary matrices in the flavor space.
However, for the sake of simplicity, we will assume that the vacuum expectation values
are reals, that k′ = 0, and that the charged leptons and u quarks are in the diagonal basis,
and UνL,R(V
d
L,R) are the matrices which diagonalized the neutrino (d-quarks) mass matrix.
In this case V LPMNS = U
ν
L, V
R
PMNS = U
ν
R, V
L
CKM = V
d
L and V
R
CKM = V
d
R , obtaining
−LYl =
√
2
k
ν¯L[(Mˆ
νφ01 + V
L†
PMNSMˆ
lV RPMNSη
0∗
1 )νR + (Mˆ
νV R†PMNSη
+
1 − V L†PMNSMˆ lφ+1 )lR]
+ l¯L[(V
L
PMNSMˆ
νφ−1 − Mˆ lV RPMNSη−1 )νR + (V LPMNSMˆνV R†PMNSη01 + Mˆ lφ0∗1 )lR]}
+ H.c. (36)
Notice that in the leptonic sector there are flavour changing neutral interactions with the
neutral scalars being proportional to the charged lepton masses.
In the quark sector we have
−LYq =
√
2
|k| u¯LV
u†
L [(Gqφ
0 + Fqη
0∗)V uR uR + (Gqη
+ − Fqφ+)V dRdR]
+ d¯LV
d†
L [(Gqφ
− − Fqη−)V uR uR + (Gqη0 + Fqφ0∗)V dRdR] +H.c., (37)
and if the u-quarks are in the diagonal basis, then V dL,R = V
L,R
CKM .
VI. PHENOMENOLOGICAL CONSEQUENCES
Here, we have presented a model with left and right gauge groups in which parity is
broken explicitly.
It is not the objective of the present work to make a detailed analysis of the phenomenol-
ogy of this model nor to compare it with other models with manifest, or pseudo-manifest,
parity invariance. However, we will briefly discuss some processes that, although they may
occur in other models with left and right gauge symmetries, they have different numerical
results since the parameters related with the right-handed fermionic sector are completely
arbitraries and also the scalar sector in the present model is different from that in other
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models: we do not impose that the scalar sector be symmetric under a generalized parity,
charge conjugation or any other discrete symmetry.
For instance, there is no left-handed doublets or triplets nor a scalar singlet in order to
break parity first than the gauge symmetries [13, 14]. In the particular model considered,
only a doublet under SU(2)R was introduced besides at least one bi-doublet. In this case
if a SU(2)L doublet were introduced, it could be an inert scalar since it does not couple
with any fermion at all; and if 〈χL〉 = 0 its neutral component does not contribute to the
spontaneously breakdown of the SU(2)L symmetry. On the other hand, if a left-handed
triplet ∆L is introduced then an appropriate discrete symmetry can be added in order to
avoid couplings like Lcl∆LLl. If this were the case, the triplet might be inert with 〈∆0〉 = 0.
In this context, the fact that weak interactions are parity asymmetric at low energies
is because right-handed currents are suppressed by the great mass of the respective vector
bosons and/or by the smallness of the gauge coupling gR, i.e., gR  gL. As usual, the
heaviness of the vector bosons related to the right-handed symmetry is due to a VEV larger
than the electroweak scale.
In this model there are universality in quark and lepton sectors, but the universality
in the left-handed interactions is different from the right-handed ones because gR 6= gL,
V LCKM 6= V RCKM , V LPMNS 6= V RPMNS and there is no flavour changing neutral currents in the
vector interactions, however, for a fermion i, the couplings with the ZL ≈ Z in the limit
vR → ∞ are equal to the tree level values in the SM: giV,A = gi(V,A)SM as has been noted in
Eq. (27). Notice that W−R → e−R(νR)c has no relation with W−L → e−L(νL)c.
If neutrinos are Dirac particles right-handed neutrinos are just components of a Dirac
spinor. In this case there is no heavy right-handed neutrinos and most phenomenological
studies do not apply, at least in a straightforward way. In fact, in the model shown above
has been considered only Dirac neutrinos since no scalar triplets are introduced. However,
we can compare some processes which are important when neutrinos are purely Dirac or
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purely Majorana. For instance,
qq′ → W+R → νRl+1L → W−R l+1Ll+2L → l+1Ll+2L + jets(leptons), (a) M
qq′ → W+L → νLl+1R → W−L l+1Rl+2R → l+1Rl+2R + jets(leptons), (b) M
qq′ → W+R → νRl+1L → W+L l+1Ll−2L → l+1Ll−2L + jets(leptons), (c) D
qq′ → W+L → νLl+1R → W+R l+1Rl−2R → l+1Rl−2R + jets(leptons), (d) D
qq′ → W+R → νRl+1L → W+R l+1Ll−2R → l+1Ll−2R + jets(leptons), (e) D,M
qq′ → W+L → νLl+1R → W+L l+1Rl−2L → l+1Rl−2L + jets(leptons), (f) D,M (38)
q
q′
νR,L
(νR,L)
c V ∗R,L
l+L,RV
∗
R,L
l+L,R
X
W+R,L
W−R,L
1
FIG. 1: Processes that may be induced by pure Majorana neutrinos. When X are jets it is the
Keung-Senjanovic process [19]. However, they may be leptons [20]
If neutrinos are pure Majorana particles the only processes (a) and (b) may occur and they
are shown in Fig. 1. Processes as those in (c) and (d) may occur even if neutrinos are pure
Dirac fermions, or if neutrinos are Majorana they are induced by a Dirac mass term. Finally,
processes like in (e) and (f) occur in both, Majorana or Dirac, case. Processes (c)-(e) are
shown in Figs. 2.
In literature only the case in Eq. 38 (a) has been considered [17, 18]. It is out of the
scope of this work to analyze the complete KS processes qq′ → l1l2 + jets. However we note
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the following: In the Majorana case, Eq. (38-a) and (38-b), the amplitude is proportional
to (V ∗R,L)
2, respectively; while in (c) and (d) the Dirac case it is proportional to V ∗R,LVL,R;
finally in (e) and (f) case proportional to V ∗R,LVR,L. We stress that in the present model
the arguments in Ref. [21] which implies that the right-handed CKM matrix is close to the
left-handed one, are not valid. Hence, not only the entries of V LPMNS but also those of V
R
PMNS
are free parameters. Notice that if neutrinos are Dirac particles, mWR  mν always and
process (b) is rather suppressed.
On the other hand, from Eqs. (8) and (13) in the limit of vR being larger VEV, we have
M2Z1 ≈
M2W1
cos2 θ
+O(X2/v2R), (39)
where
cos2 θ =
2 + δ2L
2 + δ2L + 
2δ2L
(40)
Notice that when  = 1 (gL = gR ≡ g, gBL = g′ ) we obtain
cos2 θ =
g2 + g′ 2
g2 + 2g′ 2
, (41)
which is the value of this angle in left-right symmetric models [11]. It means that θ can be
identified, at least numerically, with θW of the SM in a given energy, say, the Z-pole.
In the case of the SM we know that weak interactions are more suppressed by the mass
of W ’s than by the coupling constant g. In fact αQED/αg = s
2
W , so this ratio is on the order
of 0.231 i.e., e/g is on the order of 0.48.
However, if we use the exact expressions in Eqs. (4) and (11) we obtain
M2Z1
M2W1
=
(1 + 2)x+ (δ2L + 
2)−√∆N
(1 + 2)x+ 2 −√∆ , (42)
where ∆ and ∆N were defined Eqs. (5) and (12), respectively. We will assume Z1 ≈ ZL
and Z2 ≈ ZR; and W1 ∼ WL, W2 ∼ WR, with the experimental value MW/MZ = 0.88147±
0.00013 [22].
We have considered three cases: i) when gL = gR (or  = 1): If vR > 3 TeV, then
δL & 0.62, MW2 > 960 GeV and MZ2 > 1340 GeV; ii) when gR is slightly smaller than gL,
say  = 0.8: If vR > 3 TeV, then δL & 0.71, MW2 > 770 GeV and MZ2 > 1090 GeV; finally,
if gR > gL and increasing vR > 3 TeV, δL → 0.54, MW2 > 9620 and MZ2 > 96510 take values
extremely large.
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qq′
VR,L
l−R,LV
∗
R,L
l+L,R
X
W+R,L
νR,L
W+R,L
(a)
q
q′
νR,L
νL,R VL,R
l−L,RV
∗
R,L
l+L,R
X
W+R,L
W+L,R
(b)
FIG. 2: In Fig. 2a we show a processes which occur with pure Dirac or purely Majorana neutrinos.
In Fig. 2b the process may be induced only by Dirac neutrinos. As in Fig. 1 the red dot X denotes
jets, or leptons.
The graphic in Fig. 3 shows the results for the possible values of  and δL obtained from
eq. (42) and PDG data with one standard deviation. All those combinations of  and δL
showed in the graph, make the mixing angle of this model approaches to SM Weinberg angle,
θ → θW .
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FIG. 3: Variation of δL with respect to  for possible values in the range of W/Z mass ratio.
VII. CONCLUSIONS
Although we have considered Dirac neutrinos, if we would add instead of the doublet
χR a triplet transforming as ∆R ∼ (1L,3R,+2) the type I seesaw mechanisms could be
implemented and neutrinos are Majorana particles. In fact, since the nature (Dirac or
Majorana) of neutrinos is not known yet, it is interesting to compare in the context of the
present model. For instance in the production of W±R [24, 25].
The most stringent limits on the WR mass was obtained in Ref. [26] assuming that it
decays to an electron, or muon, and a heavy neutrino of the same lepton flavor in a strict
left-right symmetry i.e., gR = gL and that also the left- and right- mixing matrices in
the lepton and quark sectors are equal. Under these conditions, comparing with the SM
predictions at
√
s = 8 TeV, WR masses up to near 3 TeV were excluded. However, in the
present model this mass may be smaller if gR 6= gL and the left- and right- mixing matrices
are different from each other.
Considering gR < gL, as proposed in Ref. [27], reduces the production cross section and
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this implies a smaller lower limit for the WR mass. However, in [27] they preserve the left-
right symmetry in the scalar spectrum (triplest ∆L and ∆R) which is not use in our case
because there is no relation at all between the left- and right- scalars. It means that the
W±R and Z2 in this model cannot be considered as sequencial W
′, Z ′ and the bounds on
their masses obtained by ATLAS [28] and CMS [26, 29] are not applicable straightforward
to these vector bosons. These bonds strongly depend on the coupling of the vector bosons to
quarks (and leptons) and in the present model gR has no relation with gL, the same happens
with V LPMNS and V
R
PMNS. Moreover, if neutrinos are Majorana particles (the triplet ∆R is
introduced) the analysis depend on the assumption that mνR is heavier or lighter than WR.
Moreover, in the present model plus a triplet, there is a doubly charged scalar ∆++R but
not necessarily ∆++L . Lower bounds on the mass of the ∆
++
L are between 383 GeV and 408
GeV [30]. Nevertheless, if parity is explicitly violated, ∆++L may be part of an inert triplet
which may, or may not, be coupled with leptons. In this case the type I seesaw mechanism
can be implemented by the bi-doublet and the triplet ∆R, hence the Yukawa couplings of
the triplet ∆L, if allowed, are not proportional to the neutrino mass matrix.
Notice that although our model, as those in Refs. [31, 32], allows gL 6= gR, V LCKM 6= V RCKM ,
and V LPMNS 6= V RPMNS, it is still different from of the considered in the above references since
we have a particle spectrum that is not even left- right- symmetric in the scalar multiplets
and also therein no parity restoration.
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